Teenage pregnancy and childbearing are signifi cant public health problems in most large metropolitan areas of the United States, and rates in Milwaukee are among the highest in the country. 1 The literature generally shows that the risk of adverse birth outcomes-low or very low birth weight, preterm birth and neonatal death-is greater for teenagers than for older women. 2, 3 However, studies disagree about what risk factors are associated with these adverse outcomes and whether young maternal age poses an increased risk when other factors are controlled for. 2, 4 Other maternal characteristics that have been examined as potential explanatory variables for increased risk of adverse outcomes in teenage births are low socioeconomic status and minority race or ethnicity. 3, 5 A number of behavioral and medical risk factors have also been associated with adverse birth outcomes in teenagers: lack of appropriate prenatal care or weight gain, smoking, alcohol use, illicit drug use and sexual risk-taking. 4, 6 A second teenage birth may be even more deleterious to mother and child than a single teenage birth because of compounded socioeconomic impacts and the infl uence of short interpregnancy intervals. 7 Women with interpregnancy intervals of less than 18 months appear to be at greater risk of having a premature birth or a low-birth-weight baby than women with longer intervals. 8 However, a number of studies that examined outcomes in higher order births to teenagers found preterm birth to be consistently associated with higher parity, while others indicate no increased risk of preterm birth or other adverse outcomes. 9, 10 Teenage childbearing has a negative impact on educational attainment, which can lead to long-term economic disadvantage. 11 Teenage mothers who have a second birth within two years are less likely to complete high school than are those who postpone a second pregnancy. 12 A systematic review of the literature found that 20-37% of teenage mothers had a second birth within 24 months. 13 In a review of programs that targeted pregnant teenagers or teenage mothers, Klerman found that most programs were not able to reduce the proportion of participants who had an additional birth within 24 months to below 20-25%. 7 The most recent national birth data reported that 81,517 teenage births (19%) in 2005 were second or higher order births.
14 Even though this number represents a decrease from previous years, it is still substantial. 15 Additionally, preliminary data indicate that the number of repeat teenage births rose to almost 85,000 in 2006.
not fi rst and second births to the same mother. Examining data for the same mother provides control for biological factors that vary among women.
In the study described here, we used record linkage to identify repeat births to Milwaukee teenagers during the period 1993-2002, and assessed characteristics associated with adverse second-birth outcomes. The study was approved by the University of Wisconsin Health Sciences Institutional Review Board.
METHODS

Background
Milwaukee is the largest metropolitan area in the state; its 596,974 residents represent 11% of the total state population. 17 According to the 2000 census, 45% of the population was non-Hispanic white, 37% non-Hispanic black and 12% Hispanic. 17 The median household income in 1999 was $32,216, and 21% of residents for whom poverty status was determined had family incomes below the poverty level. 17 In 2004, some 19% of teenage births in Wisconsin were repeat births, compared with 20% nationally; 18 in Milwaukee, 25% of teenage births were repeat births. 19 During the study period, mandatory birth certifi cate data reported by hospitals to the Wisconsin Offi ce of Vital Records recorded 111,862 births.
To identify repeat births, it was necessary to fi nd records of births to the same mother and create a family or sibling structure-that is, to identify related births and establish their order. The birth certifi cate records in the master birth fi le held by the Milwaukee health department did not contain any unique maternal identifi ers. Therefore, as is common when unique identifi ers are not available, we employed a probabilistic matching procedure to link records. 20 The method works well with the kinds of errors often found in large data sets (e.g., misspellings, data entry errors, inconsistent use of abbreviations and missing data), because an exact match is not required.
Record Linkage Procedure
᭹ Creation of birth record database. Birth certifi cate data for 1993-2002 existed in 11 fi les in four formats with a variety of fi eld names and coding schemes. The data were consolidated and were extensively cleaned, recoded and reformatted where necessary to reconcile differences among the original fi les. This step, using Microsoft Access 2000, resulted in the creation of a master database, containing 111,862 birth records, and a data dictionary. A unique identifi cation number was assigned to each birth record. The master fi le was then duplicated for the probabilistic match. ᭹ Identifying potential matches. The duplicate birth fi les were matched against each other in FEBRL (Freely Extensible Biomedical Record Linkage), version 0.2.2. 21 To identify potential matches, FEBRL employs user-selected comparators to examine the same data element in two records. A similarity value is assigned on the basis of this examination. Similarity values are summed for each record pair to produce a fi nal weight, which is used to determine if the record pair is a match.
Prior to performing the record linkage, we ran numerous match routines in FEBRL, using random samples from the birth fi le, and reviewed them manually until the most accurate comparison method for the data was determined. On the basis of this information, we used three comparators to compensate for typographical errors and an exact comparator to identify identical data elements. The comparators examined mothers' fi rst, middle, last and maiden names; state, day, month and year of birth; and race. Street address and husband' s name, if available, were also included. The results of the random fi le matches also provided information to set upper and lower threshold weights. Record pairs with weights above the upper threshold were designated matches, and those with weights below the lower threshold were nonmatches.
Additionally, before performing the linkage, we used a standardizer to minimize the effect of differences in capitalizations, spacing and abbreviations in fi elds. The correction lists used by the FEBRL standardizer were modifi ed to address specifi c problems in the birth certifi cate data set.
After standardizing, comparing and classifying records, FEBRL produced an output fi le that listed every record in one birth certifi cate fi le and the possible matches in the comparison fi le that were above the lower threshold. The record in the comparison fi le that produced the largest weight was designated the matching record. The assigned match was ignored because the birth fi le was compared with itself, and the most highly weighted pair would have been the same birth record from each fi le. In addition, the primary goal was to identify families, or groups of matched records, not single matches. FEBRL was modifi ed to produce an additional output fi le that included the unique birth record identifi cation number for each record of every pair produced and the accompanying weight.
The match process produced a total of 261,920 record pairs, of which 81% were above the match threshold; 13% were below the lower threshold, and were considered true nonmatches. A manual review was necessary for 7% of the potential matches. ᭹ Manual review of possible matches. FEBRL produced a birth details output fi le that displayed data fi elds for each potential matched pair side by side. Two reviewers used established criteria to determine whether each pair was a match. First, they compared the mother' s fi rst, middle, last and maiden names and date of birth; if a change in last name could be attributed to marriage or if other differences could be attributed to obvious typographic errors or character transpositions, the pair were scored as a match. The reviewers then compared infants' birth dates on the two records to confi rm that it was physiologically possible for the infants to have the same mother; if the dates were less than six months apart, the pair were scored as a nonmatch.
᭹ Family structure created, and family number assigned. When the manual review was completed, all record pairs and accompanying weights were loaded into Microsoft Access. Duplicate record pairs, those with weights below the lower threshold and those that the manual review determined were nonmatches were eliminated. The remaining unique record pairs made up the match database. A Java program was written to create a family structure and assign a family number. This program compared each record pair to the others in the match database. A record in any pair that was also in the fi rst pair was added to the family of the fi rst pair and assigned the same family number. The process was repeated until all records in the fi le had been allocated to a family. The result was a list of birth record identifi cation numbers and an associated family number for families with more than one birth. Families with a single birth were assigned family numbers sequentially. This fi le was merged with the master birth fi le, using the birth record identifi cation number as the unique identifi er. ᭹ Manual review of large families. When family number had been assigned, families with more than six members were again reviewed manually to confi rm correct family assignment, and incorrect placements were reassigned. At this point, all identifi ers in the data except geographic coordinates were removed. ᭹ Event order and birth order assigned. Once an accurate family structure had been built, Java programs were written to assign birth order and birth event order within families, to distinguish between deliveries and infants within families. A birth event was defi ned as a single delivery; both singleton and multiple births were considered one birth event. Birth order was assigned on the basis of the infant' s birth date. Each record of a multiple birth was assigned the same birth event number. Additionally, the birth event program was written to differentiate between a fi rst and only birth and a fi rst of more than one birth per family. Birth order and birth event were then added to the master birth database. With birth event order in place, it was possible to identify repeat births to teenagers.
Analysis
Teenage births were defi ned as births to females younger than 20. The birth certifi cate data set contained few maternal individual-level data elements (only age, address at time of birth, highest grade completed, a text description of occupation, marital status and maternal birth state). Most of the data were related to the infant and birth outcome. There was no family information, and most records did not contain paternal information. The master birth fi le contained accurate geographic location coordinates ( geocodes) for 95% of the births in the fi le. Geocodes from the mother' s address at the time of birth were used to determine block group of residence. Median household income was determined from 2000 census data by block group of residence for each birth. 22 (A block group is a subdivision of a census tract and usually contains 600-3,000 people; optimal size is 1,500 people. 23 It is the smallest geographic area for which the census publishes sample data.
24 ) The 10 years of data contained records on 22,660 births to 18,050 teenagers. Of these births, 14,451 were fi rst and only ones, 3,761 were the fi rst of more than one, 3,784 were second births, 602 were third births, and 62 were fourth or fi fth ones. Preterm delivery and low birth weight occur more often with multiple than with singleton births. 25 Therefore, if the fi rst or second teenage birth was a multiple, infants from both birth events were excluded from the analysis. Infants born at less than 20 weeks' gestation were also excluded. In all, 215 births were excluded (96 fi rst and 119 second teenage births), resulting in a sample of 3,665 birth pairs.
Chi-square tests were used to compare fi rst and second, or repeat, teenage births by selected outcomes and selected characteristics of the mother and pregnancy, as reported on the birth certifi cates. Low birth weight was defi ned as less than 2,500 g at birth, and very low birth weight as less than 1,500 g. 26 Preterm births were those that occurred prior to 37 weeks' gestation. 27 Interpregnancy interval was calculated by subtracting the date of the fi rst teenage birth from the date of the second, and then subtracting the second infant' s gestational age, as estimated on the birth certifi cate. The amount of prenatal weight gain would be expected to be related to gestational agethat is, women who deliver early have less opportunity for weight gain. 25 Rate of prenatal weight gain was calculated by dividing total weight gained or lost during the pregnancy by gestational age, and then was dichotomized into a gain of less than 0.6 pounds per week (characterized as inadequate) or 0.6 or more pounds per week (adequate), based on rate of net gain associated with decreased risk of preterm birth. 28 Adequacy of prenatal care was computed using the Adequacy of Prenatal Care Index, which takes into account timing of fi rst prenatal visit and number of such visits. 29 Unadjusted odds ratios were computed to assess relationships between a second infant' s low birth weight or preterm birth and maternal demographic characteristics (race, ethnicity and age), socioeconomic characteristics (median household income of census block group, paternity or marital status* and completed education), and pregnancy and behavioral characteristics (prenatal weight gain, previous adverse birth outcome, smoking during pregnancy, prenatal care utilization and interpregnancy interval). Logistic regression was used to calculate adjusted odds ratios. Two regression models were constructed: The fi rst included only demographic and pregnancy or behavioral characteristics; the second added socioeconomic indicators.
*In Wisconsin, if a mother is married, her husband must be recorded on the birth certifi cate, even if he is not the father. If a mother is not married, paternity may be established by a voluntary acknowledgment of paternity, or it can be adjudicated by court order. In the last two situations, the father can be added to the record at any time after birth, making relevance to the pregnancy uncertain. Perspectives on Sexual and Reproductive Health
Missing Data
Nine percent of records were missing data on weight gain during pregnancy, and 2% were missing the neighborhood poverty indicator because addresses could not be assigned a geocode; very small numbers of records were missing data on prenatal care utilization and mother' s education. Missing value analysis indicated that these values were not missing completely at random. As a result, we replaced missing values with imputed values instead of dropping these cases from the analysis. Multiple imputed values were generated using NORM, version 2. 30 Five sets of imputed data were created and analyzed. The results were entered back into NORM and combined to generate average parameter estimates, pooled standard errors and p values for the estimates. 31 The average beta coeffi cients were used to compute odds ratios. Chi-square statistics were calculated from average counts of the fi ve imputed data sets between fi rst and second births. Stata/MP, version 10.0, was used for all analyses.
RESULTS
At the time of the fi rst birth, 29% of teenage mothers were younger than 16, 28% were 16 years old, 28% were 17 years old, and only 15% were 18 or older (Table 1) . By the second birth, 24% of teenage mothers had completed 12 years of schooling; however, only 19% had fi nished high school between births. More of these young women were married or had paternity established at their second infant' s birth than at their fi rst (41% vs. 25%), but 60% were still single and had not established paternity. The distribution of median household income did not change between the fi rst and second teenage birth.
The proportion of mothers who had inadequate weight gain during pregnancy increased between the fi rst and second births (49% and 61%, respectively), as did the proportions who received inadequate prenatal care (30% vs. 37%) and who smoked while pregnant (10% vs. 19%). Pregnancies were at least 18 months apart for 31% of mothers, 6-17 months apart for 46% and fewer than six months apart for 23%. The prevalence of low birth weight and very low birth weight did not change (12% and 2-3%, respectively), but the second birth was more likely than the fi rst to be preterm (15% vs. 12%).
In unadjusted analyses, both the odds that a teenager' s second infant was low-birth-weight and the odds that the second birth was preterm were associated with a wide range of characteristics (Table 2 ). These included the mother' s being 16 or younger (odds ratios, 1.9-3.0), having had inadequate prenatal weight gain (1.4-1.8), having had a previous adverse birth outcome (3.8-4.5), smoking during pregnancy (1.6-1.8) and having had any interpregnancy interval of less than 18 months (1.3-2.7). Compared with women who had inadequate prenatal care, those who had intermediate or adequate care had lower odds of both outcomes (0.3-0.6), and those who had more than adequate care had higher odds of both (2.8-3.1). Women who were black, were 18 years old or were in the lower half of the is a net gain of less than 0.6 pounds per week. Adequacy of prenatal care was measured on a standard scale and takes into account timing of fi rst visit and number of visits. Infants were low-birth-weight if they weighed less than 2,500 g at birth; they were very low birth weight if they weighed less than 1,500 g. Preterm birth was a birth at less than 37 weeks' gestation.
income distribution had elevated odds of having a lowbirth-weight second infant, but not of preterm delivery. After adjustment for demographic, pregnancy and behavioral characteristics (adjusted model 1), results were largely unchanged. The odds of both having a low-birthweight second infant and having a preterm second birth remained positively associated with inadequate weight gain (odds ratios, 1.8 and 1.4, respectively), more than adequate prenatal care (3.6 and 3.7), previous poor birth outcome (3.8 and 3. 3), smoking during pregnancy (2.2 and 1.9) and all interpregnancy intervals less than 18 months (1.6-2.9 and 1.4-2.3). In the adjusted analysis, black women had elevated odds of both having a low-birthweight infant and having a preterm birth (2.7 and 1.7, respectively). Mothers who were younger than 16 still had an increased likelihood of both outcomes (2.7 and 2.1), Year of infant's birth was included in the adjusted models; results for this characteristic were not signifi cant. Inadequate prenatal weight gain is a net gain of less than 0.6 pounds per week. Adequacy of prenatal care was measured on a standard scale and takes into account timing of fi rst visit and number of visits. Infants were low-birth-weight if they weighed less than 2,500 g at birth; they were very low birth weight if they weighed less than 1,500 g. Preterm birth was a birth at less than 37 weeks' gestation. The 50th percentile of household income was $23,539.
but 16-year-olds were at increased risk only of having a low-birth-weight baby (1.6). Adequate prenatal care remained negatively associated with the odds of both outcomes (0.6 for low birth weight and 0.4 for preterm birth), but intermediate care was associated only with the likelihood of preterm birth (0.6). Adding socioeconomic indicators did not appreciably change the results for the pregnancy and behavioral characteristics, or for most demographic characteristics. However, mothers who were 16 years old no longer had an increased risk of having a low-birth-weight baby, and blacks and mothers younger than 16 no longer had elevated odds of preterm birth. In addition, the odds of low birth weight and preterm birth were raised if no father was listed on the birth record (odds ratio, 1.5 for each); income below the 50th percentile was associated with increased odds of low birth weight (1.3).
DISCUSSION
Our study extends previous research on repeat teenage childbearing by comparing births to the same mothers. This approach permitted the mother to serve as a control for biological factors and medical history that may have infl uenced birth outcomes. With this control in place, we found that a signifi cantly greater proportion of second than of fi rst teenage births were preterm; the prevalence of low birth weight did not differ between fi rst and second babies born to teenagers. Additionally, health risk behaviors during pregnancy (inadequate weight gain, inadequate level of prenatal care and smoking) were more common before a second birth than before a fi rst birth, and the elevated risk of adverse birth outcomes associated with these behaviors was not substantially changed by controlling for the effects of demographic and socioeconomic characteristics.
Interpregnancy intervals of less than 18 months have been associated with a number of poor obstetric outcomes, including low birth weight and preterm birth. For example, Zhu found the lowest risk of these outcomes associated with interpregnancy intervals of 18 months. 8 We found a similar trend: Shorter intervals were associated with signifi cantly increased odds of low birth weight and preterm birth.
In previous research, lack of early and consistent prenatal care has been associated with both low birth weight 32 and preterm birth, 33 and teenagers who have had a previous birth have been shown to have a reduced likelihood of initiating early prenatal care and an elevated likelihood of receiving no prenatal care. 34 In our sample, an adequate level of prenatal care before the second teenage birth was associated with reduced odds of both low birth weight and preterm birth when compared with inadequate care. However, teenagers who had received more than adequate prenatal care had substantially increased odds of having a low-birth-weight second baby and a preterm second birth. A similar association between more than adequate care and low birth weight has been noted previously. 35 Perhaps teenagers with more than adequate care represented a group who were recognized as high-risk and who thus made more and earlier prenatal care visits.
Although paternity and marital status may refl ect different situations, second infants born to women who had not established paternity and were not married (according to the birth certifi cate) were more likely than others to be low-birth-weight or preterm. These fi ndings are consistent with those of earlier work: Gaudino and colleagues found that nonreporting of the father on the birth certifi cate was associated with increased risks of low birth weight and infant mortality, 36 and Luo et al. found that single mothers had higher odds of adverse pregnancy outcomes than mothers in legal or common-law marriages. 37 Marriage or established paternity may serve as a proxy for increased family income, as well as increased psychosocial support during pregnancy, and may thereby contribute to improved outcomes.
Smoking during the pregnancy preceding a second birth was associated with increased odds of both low birth weight and preterm birth even after demographic, socioeconomic, pregnancy and behavioral characteristics were controlled for. Smoking during pregnancy has been consistently associated with decreased birth weight and preterm birth in both teenage and older mothers. 38, 39 One study estimated that among infants born to teenagers, maternal smoking during pregnancy accounted for 39% of the risk of low birth weight and 12% of the risk of preterm birth; for infants born to adults, the fi gures were 28% and 19%, respectively. 40 These data suggest that smoking cessation and prevention in pregnancy may be even more crucial for teenagers than for adults.
The number of teenagers who reported smoking during the pregnancy preceding their second birth was almost twice the number who said they smoked during the pregnancy leading to the fi rst birth. From 1990 to 2000, the proportion of women who smoked during pregnancy declined nationwide, but it was highest among 18-19-year-olds. 41 Smoking during pregnancy may be underreported on birth certifi cates, but trends and variations we observed are similar to those seen in other national data sources. 41 Nationwide, a higher proportion of infants born to black teenagers than to white or Hispanic teenagers are preterm or low-birth-weight.
14 Studies that have examined the contributions of race and ethnicity to adverse birth outcomes among teenagers have produced varied results. Chen et al. found that teenagers had higher risks than 20-24-year-olds of having preterm and low-birth-weight infants, regardless of race or ethnicity.
2 DuPlessis and colleagues found, in analyses controlling for socioeconomic indicators, that black teenagers were signifi cantly more likely than whites to have a preterm birth or a low-birth-weight infant. 42 In our sample, when socioeconomic indicators were added to the models, an association between being black and the risk of having a preterm birth disappeared, although the risk of black women' s having a low-birthweight infant remained signifi cantly elevated. Prior studies have also associated the level of maternal education and neighborhood socioeconomic indicators with adverse birth outcomes, particularly among black women. 43, 44 In our fi nal model, neighborhood poverty (median household income from block group) was associated only with low birth weight, and educational level was not associated with either outcome. The lack of variation in educational attainment, due to the limited age span studied, may account for this fi nding.
Signifi cantly more of the teenage mothers in our sample had an inadequate weight gain during the second pregnancy than during the fi rst; consistent with fi ndings from earlier research, this characteristic was associated with increased odds of both having a low-birth-weight infant 45 and delivering preterm.
46 Teenagers' energy and nutrient needs during pregnancy are generally greater than those of adult women, because of the ongoing needs for growth and development of the teenage mother in addition to the needs of the fetus. 47 The enhanced need for nutrients, coupled with the poor dietary patterns and food choices typical among teenagers, especially low-income teenagers, contributes to teenagers' inadequate weight gain and suboptimal nutrient intake during pregnancy. 48 Previous reports have concluded that closely spaced teenage births make fi nishing high school and fi nding employment diffi cult, resulting in poverty and reliance on welfare. 12 Although more teenage mothers in our sample had completed 12 years of schooling at the second birth than at the fi rst, most were not high school graduates. Additionally, the majority were still single parents. Median household income changed very little between fi rst and second teenage births. Educational attainment and paternity status improved; however, most of these repeat teenage mothers were at much the same place economically, educationally and socially, with the additional burden of another child.
Limitations
The study is limited by potential record mismatches and, therefore, misclassifi cation of births. However, the most signifi cant limitations are those inherent in using vital records data. Birth certifi cate data do not include measures of a number of potential confounding factors, including maternal anthropometry and nutritional status, paternal information (demographic, socioeconomic and anthropometric characteristics), individual-level income, stress level, level of family and other social supports, and illegal substance use. Although birth records of women who lived in Milwaukee but delivered elsewhere in the state were included in the database, some teenagers likely had a fi rst birth in other states and a second birth in Milwaukee; as a result, the actual number of repeat teenage pregnancies was likely greater than is reported here. Inaccuracies in reporting and recording of information also are likely sources of error in birth data. The imputed values used for missing data may not accurately refl ect the missing data. However, dropping cases with missing data may have resulted in bias if they were systematically different from cases with complete data. Complete case analyses produced very similar results to those produced with imputed values. Additionally, our results do not show causality, only statistical associations.
Finally, the increase we observed in prenatal smoking may refl ect that younger mothers underreport smoking, to avoid disapproval of parents or health professionals. However, underreporting of prenatal smoking on birth certificates does not appear to be age-related. 41 
Implications
The persistence of inadequate prenatal care utilization and prenatal weight gain, teenage mothers' short interpregnancy intervals, their increase in smoking during pregnancy and the magnitude of the odds ratios for adverse birth outcomes associated with these behaviors provide evidence of the importance of identifying and addressing modifi able health risk behaviors during routine clinic visits. Previous research has established that providing prenatal health behavior education and advice reduces the likelihood of both low birth weight and preterm birth.
49,50 Regular prenatal visits provide an opportunity to deliver educational interventions to a receptive audience. A number of methods to deliver behavioral counseling in a health care setting have been found cost-effective and effi cacious, including brief interventions and motivational interviewing.
48,51,52 Consistent, thorough screening for each of the above-mentioned behaviors at the fi rst prenatal visit, followed by counseling and reassessment, reinforcement and encouragement at subsequent visits or by telephone, could promote behavior change and improve outcomes.
Barriers to access and underutilization of prenatal care, as well as underutilization of the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC), have also been identifi ed as contributors to adverse birth outcomes for teenagers. 53 Strategies to address utilization issues that may be effective for teenagers include text messaging of appointment reminders, priority appointment scheduling, resolving transportation diffi culties and providing access to resources, such as WIC and Medicaid. Additionally, stress has been identifi ed as a signifi cant barrier to success in smoking cessation, particularly in low-income women. 54 A teenage mother pregnant for the second time would likely benefi t from counseling on relaxation techniques and stress management in general, and this may be particularly important for smokers.
Educational status was not associated with low birth weight and preterm birth in this population, but most of these young mothers were not high school graduates. Teenage mothers are frequently from disadvantaged backgrounds, and inadequate educational attainment contributes to continued poverty for their predominantly single-parent families. Programs that encourage and support young mothers in fi nishing high school and pursuing higher education are essential for the long-term economic well-being of both the mother and her children.
